Citrus (Citrus unshiu S. Marcoy) industry by-products were used as a source of dietary fiber, and the effects of dietary fiber extracted from citrus peel on the proximate composition, pH, color, protein solubility, cooking loss, emulsion stability, and apparent viscosity of a chicken emulsion in model systems were examined. Chicken emulsions were prepared by adding citrus peel fiber at four different concentrations (1, 2, 3, and 4%). The apparent viscosity, redness, and yellowness of the chicken emulsion with citrus peel fiber were higher than those of the control (p<0.05). The lightness values of the chicken emulsions were lower in treatments containing citrus peel fiber (p<0.05). Furthermore, moisture content, cooking loss, and emulsion stability of the chicken emulsion with 1-2% citrus peel fiber were higher than those of other treatments (p<0.05). Fat content was lower in the treatments with added citrus peel fiber than that in the control (p<0.05). Chicken emulsions with added citrus peel fiber had improved quality characteristics, and the best results were obtained for the chicken emulsion with 2% added citrus peel fiber.
Introduction
Citrus fruit is a major product of Jeju island in Korea, and many varieties are cultivated. Thus, the citrus industry produces a significant quantity of peel as a by-product. If the peels are not processed, they become waste and a possible source of environmental pollution (Wang et al., 2008; Yang et al., 2008) . Citrus peel is a good source of pectin and dietary fiber and has various bioactive components, including vitamins, minerals, flavonoids, coumarin, carotenoids, synephrine, terpenoids, and limonoids required for human health (Kang et al., 2006; Kim et al., 2011) . Citrus peel also has high nutritive value and contributes to lower blood cholesterol, decrease cancer risk, protect against coronary heart disease, improve glucose tolerance and insulin response, and reduce hyperlipidemia and hypertension (Fernández-Ginés et al., 2004; Kurita et al., 2008; Viuda-Martos et al., 2010) . Thus, recent approaches to develop products from citrus peel have placed an emphasis on the production of potentially important secondary metabolites such as recovering dietary fiber (Kim and Song, 2010; Kurita et al., 2008; Wang et al., 2008; Viuda-Martos et al., 2010) .
Nutritionists recommend a dietary fiber intake of 35 g per person per day, but intake in many industrialized countries is currently estimated to be <25 g per person per day (Choi et al., 2010; Vidua-Martos et al., 2010) . Therefore, increasing the amount of dietary fiber in the diet without changing eating habits is particularly difficult. In recent years, dietary fiber has been studied regarding its potential use for developing functional foods, including meat products, fish products, breakfast cereals, bakery products, and dairy products (Sánchez et al., 2007; Vergara-Valencia et al., 2007 Therefore, the aim of this study was to investigate the effects of adding different amounts of dietary fiber extracted from citrus peel on proximate composition, pH, color, protein solubility, cooking loss, emulsion stability, and apparent viscosity of a chicken emulsion in model systems.
Materials and Methods
Preparation and processing of the citrus peel dietary fiber extract Organic citrus (Citrus unshiu S. Marcoy) peel was obtained from local grocery store (Seoul, Korea), and insecticides residuals were washed out three times with four volumes of water, and then the residue was washed three times with three volumes of heated water (Lee, 1999) . The residue was dried (50 o C) overnight in an air oven, cooled, and then washed with 99.9% ethanol (preheated to 60 o C), followed by filtration. The residue was dried (50 o C) overnight in an air oven and then cooled. The residue was ground using a blender (KA-2610, Jworld Tech, Korea) for 1 min and passed through a 35 mesh sieve (particle size, <0.5 mm). The citrus peel fiber (dietary fiber: 74.67±3.69%, moisture content: 6.48±0.71%, protein content: 3.60±0.36%, fat content: 2.79±0.12%, ash content: 2.39±0.10%) was then placed in polyethylene bags, vacuum packaged using a vacuum packaging system (FJ-500XL, Fujee Tech, Korea), and stored at -4 o C until used for product manufacture. The lightness, redness, and yellowness values of the citrus peel fiber were 71.95±3.14, 3.44±1.14, and 65.01±1.74, respectively, and the pH was 5.06±0.03.
Preparation and processing of the chicken emulsion in model system Fresh chicken breast meat (broilers, Muscularis pectoralis major, 5 wk of age, approximately 1.5-2.0 kg live weight, moisture content: 74.95±0.97%, protein content: 22.58±0.43%, fat content: 0.09±0.12%, ash content: 1.31 ±0.09%) and pork back fat (moisture content: 12.61%, fat content: 85.64%) were purchased from a local processor. The chicken breast meat and pork back fat were first ground through an 8-mm plate and then ground through a 3-mm plate. The ground tissue was placed in polyethylene bags, vacuum-packaged using a vacuum packaging system, and stored at 0 o C until used for product manufacture (within 1 wk). Suitable amounts of muscle (12.5 kg) and fat (8 kg) were tempered at 4 o C for 24 h prior to preparing the meat batter. Each batch of samples consisted of five different meat emulsion in model systems with different percentages of added dietary fiber extracted from citrus peel (0, 1, 2, 3, and 4%). Thus, five different chicken emulsions in model systems were formulated (Table 1) as follows: raw meat was homogenized and ground for 1 min in a silent cutter (Cutter Nr-963009, Germany). NaCl (1.5%) and sodium tripolyphosphate (0.2%) were added to the chicken breast meat, which had been previously dissolved in water and chilled (2 o C), and then mixed for 1 min. Citrus peel fiber was added to the chicken meat T1, chicken meat emulsion system with 1% citrus peel fiber; T2, chicken meat emulsion system with 2% citrus peel fiber; T3, chicken meat emulsion system with 3% citrus peel fiber; T4, chicken meat emulsion system with 4% citrus peel fiber
